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SUNSPACE/ATRIUM HODEL IN DOE-2.1C

In a collaboration be t ve en the Building
Energy Simulation Group and the RA,MSES Grour
at the University of Paris-South in France,'
ne .... capabilities have been added to the DCE­
l.lC venion of the program ....hich .... il1 allow
r e s Lden t La I ecnspeces (such as attached
greenhouses) and commercial atria to be simu­
lated. This work was stimulated by the fact
that sunspaces and atria are currently very
popular a r c bf tee tural elements, and, being
quite complex from a thenllal and daylighting
point of vie.... , require an accurate energy
analysis to produce a design which is energy­
efficient and comfortable year-round.

The ne .... algorithms will allow simulation
of different fc ras of heat transfer bet ...e en
the sunspace (or atrium) and adjacent rooms
which could not be calculated with OOE-2.1B.
These include (see Figure 1)

(4) conduction through interior vlndows.

(3) delayed conduction through heavy interior
walls,

(1) solar gain through interior vf ndo...s or
openings,

(2) convection through vents or an open door­
Io·ay,

any of
between

These

The calculation of beam solar radiation
which passes throl,lgh the s uns pace into adja­
cent rooms is done by using the 00£-2 shadow
routines to project the solar image of each
exterior window onto the different interior
surfaces in the sunspace. Diffuse solar radi­
ation transmitted through interior ....f nd ovs is
also calculated,

(continued on page 2)

The user will be able to specify
several different forms of convection
the sunspace and adjacent rooms,

All of the sun control options ....hich are
available for vrnecvs in exterior walls
such as scheduling of the shading coefficient
multiplier, or deployment of shading devices
when transmitted solar gain exceeds a thres­
hold value - are also applicable to interior
windows in a Sl.lnspace,

:'he DOE-2.1C Vets ion of the program is
no ... available. Please call or vr i t e
to us at LBL for details on obtaining
the new program.

In the last several issues of this
neva l e t t e r , 'ole have run a series of
articles on the new reaeuees to be
incorporated in OOE-L1C. These
include functional values, the powered
induction unit, advanced cogeneration
strategies, electrical rate struc-
t ur e s , and s cnspe ce s . The sunspace
tIlodel is discussed in the next cc Iuen ,

Our t ha nks to those who responded to
our questionnaire in the last issue
concerning 00£-2 usage and computing
environment. The r e t ur n s so far con­
firn our belief that, with the availa­
bility of moderately-priced mini­
computers such as the VAY. 700 series,
ac r e and more firms are turning to
in-house computing. If you missed the
qce e t rcnna i r e and still wish to parti­
cipate, it appeared on page 5 of the
fall 1984 issue, or you may call us
and ...e'll send you out anOther copy.
'~·e are especially interested in hear­
ing of independent conversions of
ooE-2 to the seai re r machines nolo' on
the market.
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t for a brief description of the RA."!SES Croup
and its work, see Vol. 4, So, 2, the Xay :963
issue of the ne ....sletter, page 2.
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include fan-forced or natural thermocircula­
c i on be t veen upper and Icve r vents, free con­
vection through a doo r va y opening, and, for
residential applications, use of a sunspace to
preheat outside ventilation air. for commer­
cial app l Ic a r Icne , the program allowl return
air from adjacent s pec e e to be passed through
the sunspace , where, after Olixing with the
s un s pac e air, it is either exhausted or
transferred back to the ce n r r a I a i r handling
s ys eee . A venting algorithm, which operates
\.lith any of the 00£-2 s ys rea t ype a , <lliowl
outside air to be c t r c c La red through the s an­
space to prevent overheating.
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An i=poetant Lt a i t a r t cn of the s un s pac e
model is that it does not account for air tem­
perature stratification or in-space convec­
tion. ve therefore caution against its use
for multi-story atria unless the atrium air is
w~ll-mixed by the distribution system.

The r r ench RAMSES group will validate the
sunspace model against measurements they have
made of insolation, temperature, and air flows
in different sunspacea in an apartment build­
ing near Paria.

Sample results of the sunspace simulation
are shown in Fig. 2, which is based on SYSTE~S

hourly repo r r s frolll the residential s uns pa ce
eXillllple in the OOE-2.le Sample Run Book
(forthcollling in the 2.1C documentation Epda t e
Pac kag e ) •
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Figure 2. Sample hourly output for a clear
January day in Chicago frolll a DCE-2. LC simula­
tion of • house with an attached sunspe c e­
The heating setpoint of the house is 70°F d,"r­
ing the day and .ssor at night. ;"'anll air f r oa
the sunspace is circulated to the house at 200
CFM whenever the suns pace-house temperature
difference exteeds 4°, and the house r e epe r a­
ture is below 740F. The s cn s pac e is vented
vf t h cutside air at 20 air changes per nccr
whenever the s un s pac e t etape r a t ur e exceedS
90°F.

figure 1, Cross section showing different
for~s of heat transfer bet\.leen a suns pace and
an adjacent r cce . (1) solar radiation passing
frOlll suns pace to r ooa through interior gla:.­
ing; (2) natural convection by che racc Lrc uj a­
tien through upper and lower vents: (3)
de l e yed conduction through interior wall; (4)
conduction through interior glazing.

In order to track the large temperature
evt ag s that can occur in sunspac e e , the vent­
ing and interzone convection calculation is
done in sOlall tl~esteps, ranging frolll 0.6 to 3
c i nut e s d e pe nd i ng on the suns pace heat capa­
city and load in a given hour. (The conven­
:ional one-hour timestep used in ooE-2 .as
found to give inaccurate or unphysical results
for t~e convection calculations, particularly
eben the temperature difference between sun­
space and adjacent rOOm was large at the
beginning of an hc ur , )

:"he interior walls in a suns pace are often
fairly ee s s Lve , so thst the delay in the heat
t r a ns f e r by conduction through the wall can be
t apc r can r . The :.oE-2.15 progra.III was 1II0dified
50 that interior wall response factors are
passed froo the LOADS to the SYSTEMS progralll
'.'here they are used to calculate delayed con­
c cc r i cn , taking into account r rae-va rvt ng
space temperatures. This calculation also
considers the interior sol-air e f f ec t , i,e.,
the effect of solar radiation absorbed on the
suns pace side of the interior walls.

l Ll ea i aanc e levels in adjacent rOOlDS due
to dayli~ht originating in t~e suns pace cannot
ee calculated in DOE-2.IB due to the geometric
cCl!:plexity involved. :'0 remedy this situ..a­
tion, DCE-2. ~e will allow users (via the func­
tional keyword feature) to input daylight fac­
tors obtained from scale model ae a s ur emen t s .
These factors are then used by the program to
calculate hourly <:!aylight illUlllinance levels
a~d t~,e resulting energy i::pact.



BUGS DISCOVERED IN DOE-2.1B ~~ INTERIM SOLL1IONS

The fo H cvf ng is the complete and final list of bugs found in the DOE-2.IB version of the ccc e .
SOlol that the new ooE-2.1e program is ava11able, IoIe 101111 no longer be reporting bugs peculiar to
2.1B, nor will we be able to actively support the old version. ve encourage users to move up to
the new ooE-2,

CLASSIFIED ISDEX

This index is intended to cross-reference bugs by 1) abort routine, 2) sys t ee-r t ype affected
(except those which affect all sY6telllS), 3) report affected, and 4} subject ee t t er , cOllilCand, andlor
ke)"olord.

ABORT ROl:TI~E

DKTE.'iP: 17
FMT..o,P: 1
LOADS: 2
OPELEC: 20
SHD...·S: 6
"''T'~': 21

SYSTEl1-TYPE REPORTS

PTAC: 16 L5-L: 5
VAVS: " LV-B: 4

LV-D: 3
L\'-L: ;0

PS-D: 22
55-0: 15
Hourly

Reports: 1, "..
S~BJECi/CO~~D/KEY~ORD

CONSTRVC ION: 2, 11 LOAD-ASSIG~1{E~l: 19, 20
CL'R\l1;-FI , 18 Hettie option: 3, 4, 11 , 12
Daylight ng: 5, " 10, l) PLA~l-EQl:IP!'lE~l: ", 20
DESIGN-DAY: 8 SHADE-SCHEDL'LE: 8
EQUIPI1E~" -QUAD: 15 SYSTE~-EQl:I~~i: 18
Extraction rates: 14, 18 TITLE : 1
FIXED-SHADE: 7 Trombe walls: 8
GLASS -cOSDCCTASCE: 9 ....e a rbe r Processor: 23

80L

[1) The progta~ will abort in routine F!1TAP if the user neglects to close a TIT!..E LI!'>"E IoI1th an
asterisk (*).

Interim solution: Always end each TITLE Ll!'<"E with an asterisk, and the whole command, as
usual, IoIith a ter=inator.

[2J If hourly reports are requested, there must be at least one CONSTRCCTIOS command entered in
LOADS. failure to do so may result in an abort in LOADS.

I:Herim solution: Create a CONSTRL'CTION command, even a dummy one, if hourly r e po r t s are
desired.

(3) In Report LV-D, the FLOOR
requested, the values for
incorrect.

and ROOF designations
AR.E..A of ...·ALL and for

are reversed.
U-\'ALL"E 0 f the

Also, if
combined

ee cr rc outp;.;: is
.ALL ... GLASS are

r oe er te solution: For the first problem, read the designations in reverse. For the last t"IO,
none.

[4J In Report LV-B, the b ree kdcvn of AREA and VOLUME by SPACE is not reported. In an E:lgl1sh
input dec;':, the building totals are reported correctly. acvever , if ISPLi-L'!aTS .. ~ETRIC tr.e
totals are also incorrect. Additionally, the PEOPLE t c t e I in 4 metric deck is incorrect.

r nt e r ae solution: For the breakdown ofAXiA and VOLL'XE, request the L~'-C report, which does
report the values correctly. For metric runs. none for the building totals problems.

-3-



I BL:GS DISCOVERED IN ooE-2.1B (Continued)

LOADS

[5J In Report LS-L, the figures reported under the colullln labl!11ed ~m,"MBER OF HOIJRS !".A."AGDjESr
~OL~D BE E~PtOYED~ are incorrect since they can include night-time hours. This is problematic
only vhe n DAYLIGHTING • TIS.

l n t e r Le solution: None.

[6J On CDC aac hi ne s only, if DAYLIGHTING • YES. and a shading surface transmittance schedule is
defined .... ith SHADE-SCHEDULE In either the BUILDING-SHADE or FIXED-SHADE command, then the
program will abort In subroutine SHOWS.

In t e r Le solution: Use ,",indow mao"gement-relaud keyword, instead of SHADE-SCHEDULE to si:llU­
late the effects of changing transmittanCe, if running on a CDC lII.chine.

[71 The new FIXED-SHADE command 18 not operable; the prograJI does not respond to the input at
all, and there is no wilrning message.

Interi~ solution: ~one.

[8J Csing Trombe walls in a run with one or more DESIGN-DAY, followed by a normal run period from
the lieather file lilll cause an .bort or erroneoua relult,.

Interim solution: l:ae Trombe lialll vt rh only dellgD day., or only weilther-file run periods,
but oc r a combination of the two.

(9 J rhe default GLASS-<:O"')l!CTANCE for the second and any later GLASS-TYPE commands Ln a dec k is
pLcked up from the first GLASS-TYPE C01llmand and is therefore determined by the value of PA.\"ES
for the first cOllllDand. This 11 only a problem if (a) there is lIIore than one GLASS-TYPE com­
:Dand and also (b) the value of PAStS for the second and later c.ollilunds 19 different from that
of the first cOllllDan<!.

Interim solution: specify GLASS-eONDLlCTANCE rather than allow the program to choose a default
value.

!:0: The vt adc... y-ecoc r d Lna t e in the dayl1ghting report LV-L is calculated incorrectly. ~o simula­
t~on results are affected.

taeer re solution: vcne ,

;l;j If. in a metric input run, a LAYERS command 11 r e fe r enc ed more than once by CONSTRCCTION C01:l­
aand s , then the second ilnd succellive cONSnWCTIONa ...111 be calculated incorrectly. This is
due to an error in the metric to English c cave r at cn of the response factors and u-rva Iue s :
each r tue a U.ITRS cOlllllland is referenced, the ccnver et en procels 1s invoked again, the result
being that the English unitl calculated in the firat pasl are then converted into meaningless
r;uabe r s .

Interim solution:
CC~STR~CTION in a

Refer to a
metric input

LAY'ERS
deck.

C01llllland only cace , Creilte a separate U.ITRS for eacn

[ ., '.-, In a ae r r rc input run. the conversion. frolll llletric to Engliah for the vaIue s of !{EIGHT arid
'"lDTH in the L'SDERGROL"ND-I.'ALL or L"SDERGROlJ'SD-FtoOR COllllUnd are done incorrectly; the conver­
sion factor for the area is applied twice. leading to loada incorrect by a f,ctor of 11.

:nteri::l solution: ~se che AREA keyword in.tead of ~~lGHT ilnd VIDTK in a Illetric inpIJt deck.



BUGS DISCOI'ERED IS DOE-2.1ll (Continued)

113) For a space Io'ith DAYlIGHTING • YES, the MAX-GLARE keY"ord vc rks only on vt cccvs for ",hi~~

!1AX-50l..AR-5CH and/or COI<DL:CT-TMIN-5CH hu been specified. Other1o'1se, use of !1AX-Gl..ARE .:i::
cause the daylighting and glare calculation to be done with the shade allo'ays closed, vhe t he r
or not the !1AX-Gl.ARE va Lue i& exceeded.

Interim solution: To get glare control vf t hcu t solar gain or outside temperature shade c cn­
trot. specify l'lAX-GLARE and specify a dWllmy !'l.AX-SOUR-5CH for each vf ndcv Ln the space qth
eovab Ie shades. The du=y !o'oAX-SOlAR-SCH should have high values so that the shades are never
closed due to exceeding the solar gain t hre eho Ld . The fo1101o'1ng would suffice:

DL'M-~-SOL • SCHEDULE THRU DEC )1 (ALL) 0,24) (10000)

SYSTE!'lS

/14) Ilhen the program calculates the maxim1Jlll and minimum extraction rates and these turn out to be
equal, the count of hours undercooled \/ill be underestimated. This situation can occur for
VAVS system type, for exa:mple, if the I1IN-eFH-RATIO is 1.0 and no hating is allowed.

Interim solution: None.

(15) 55-0 Report, the Temperl\ture Scatter Plot, ...ill contain all ze ro s unless the user also
requests tr.e printing of at least one of the following reports: 55-B, S5-C, 55-H, 55-I, S5-J,
5S-K, 55-L, SS-S.

Interim solution: Include at least one of the above reports when requesting SS-O.

/l6] In the PTAC system, the sensible load used to select high- or low-speed ratio should be the
net zene extraction minul the extraction done by mixed air. The current calculation
incorrectly SUillS the r vc values. The error can be significant in runs with large fract10r.s
of outside air coincident vith high values of zone-to-outsi~e-air-temperaturedifference com­
bined vf t h 61llall Iov-spe ed ratios.

Int e r rm solution: Avoid large outside air quantit1es vf t h small low-speed re e rc s in the PTAC
syste:::.

/liJ If the COOL-CONTROL or HEA!-eO~iTROL 1s s pec f f f ed as RESET, and the corresponding COOL- c r
HIAT-RE51::T-SCH references a DAY-SCHEDL'LE rather than a DAY-RESET-SCH, then the program vi ; ;
abc r t in subroutine DKTE~P I.'ith a "d tvf de by aero" error without printing an ERROR message.

Interim solution: Correct input; use properly defined reset schedules.

1:8) If COEFFICIr~iTS are specified in the CURVE-FIT COlllllland in SYSTE.'15 or PLAKT to enter ccer r r­
c t e nr s for a SYSTEMS-EQUIPMENT or EQUIPMENT-QUAD curve, the results will be incorrect. The
program currently transposes the values entered, producing a meaningless curve.

Interim solution: None; use DATA points instead of COEFFICIE~~S.

[: 9) In the LOAD-ASSICN:'1E~" command, if the first and last PU1"'T-EQt:IF.'.E~~s 1n a LOAD-RA%E are
not both set equal to L'TIl.ITY, and the capacity!s defined by keyword "'''L'MBER • a value vh i c h
r s less than the peak dellland calculated by the progra:m, then any intervening PLA:.-r-;:QL'I?~E~:

aSSignments I.'ill be ignored and the entire load is given to the utility.

Interim solution: Correct 1nput, Use the LOAD-MANAGEMENT command when trying to simulate a
pe e k e shav t ng strategy, See the Reference~, page V.6I, Exa:mple 3.

(20) If, in the PUl>-r-EQl'IPMEl>-r cceeaed , a steam turbine is s pe c f f f e d , but no diesel or gas tur­
bine, and if the :'CAD-ASSIGl>"M:El>'T is allowed to default, then the program 10'111 abort 1n sub­
routine OPEUC.

In t e r fe solution: Always specify, in this case, a LOAD-ASSIG1'>'!'lEl>'T.

!>OOTE: The steam r ur b i ne simulat10n is intended for use ~ with a gas turbine or diesel
engine, to generate electricity when there is no other use for the waste heat froe t he s e
prime ecve r a ; it is a very inefficient device for producing electt1city and would not cr::i­
nar11y be used except in a combined-cycle plant.

-5-



BUGS DISCOVERED IS DOE-2.la (Continued)

PI] The program vi I I abort in subroutine "'N if, in PLANT only, REPORT-BLOCKs are specified but
no HOCRLY-REPORTs are requested.

Interim solution: Delete (or comment out) the REPORT-BLOCK c cemend in PLA~'T if no hourly
reported are desired.

{22J The energy pe r f c rmanc e of hot and cold storage tanks is not reported out 1n Report PS-D, xc
s iacj ar tcn results are affected.

Interim solution: ~one.

~eather Processor

[23) The design temperatures reported in the statistical summary of the ,,'eather Processor are
eeandng Le ss ,

Interilll sc Lu t Lcn : vone •

THE HEAT EXCHANGER

This section is devoted to questions t r ca users and responses r ece the B<.lllding Energy SiClula­
tion Cr cup and its consultants. Your qce s t rcns and cotaeent s are e oat ve Icce e ,

cce s t rcn:

cce er rca.

Ar.sve r :

~hat building energy is reported as LIGHTS in the BEPS report?

:his item on the BEPS Report has caused some confusion. Nat ur e Ll y , t he general
lighting and task. lighting inputs in the SPACE-cCSOITIOSS command are su.::l1!:ed into
LIGHTS in the BEPS Report. But, in addition, any input for ELEC-K" under the
Bt:ILDISG-RESOL"RCE command 15 treated as outside lighting and is t he r ef c r e also
su.m.med <.lnder LIGHTS, If you have an non-lighting, electric load outside the bullli­
ir.g boundary (for example, a water pUlllp to a decorative fountain), you should us e
SOl"RCE-Bn:/HR • (puap motor load), SOL"RCE-tyPE • ELECTRIC, and SOL"RCE-SE~5IBLE

0.0, instead of ELEC-KW. This puts che load inside the buf Ld Lng , but eliminates the
internal thet:!al load; the e Iec t r t e energy will then be reported c o r r e c t Ly under the
~ISC-EQ~IP heading in the BEPS Reporc •

• • • • •

Is there a Io'ay to model the builliings where ?erimeter fan c o f L un i t s are used for
he a t Lag only, and also cycle on at night to hold the night setback. temperature?

":ith tl-.e release of roE-2.tC, there is :10'01 a way to approach the modelling of this
s ys t ee , '~'e suggest that you use the Powered Induction rnrc (PI~) s ys t ee '"'ith
:ER.'"IISAL-TYPE • PARALLEL-PIe, and by mini:nizing the size of the core space, tr.i:'l:'~~te

also the effect of any warn ir.duced air from the ceiling plen\llll. Then, by s e Lec t Iag
","IGHT-CYCU-CTRL • ZO~"E-FANS-oNLY (a new 2.1C code-....c r d j , the :naio s ys r eu , vh i c h
defaul t s to a \"AV5, will only operate during daytime hours. The perimeter fans lo'i:1
cycle on for heating during the day , and will cycle on at night and on ....ee .. e nd s r c
hc Ld the setback t eape r a r ur e .

-6-



Question: In studying a
ve r e not met.

daylighting project. we found
w~at were loIe doing WTong?

an excessive number of hours when loads

Answer:

Question:

An sve r :

This is a 10101 air-flolol design problem that is usually caused by very 10101 lighting
power densities (i.e., 1.0 to 1.5 watts/sqft). The problem is compounded when air
systems are designed vt t h credits for daylighting and Io'1ndow management. One should
realize that very low internal gains can result in very low system airflolols vhen you
allow the program to do automatic siZing. ~~at one needs to do is to use the key­
word Cnl/SQfT to establish a minilllUlll design air flow. This 10'111 prevent the sys t ee
size from falling below that Which i. required for morning start-up loads and espe­
cially s f t e r a hot s\.lllllller week-end. In many cues where the designer does not loIant
a full credit given to the daylighting and win<iow management, a run should be made
with these strategies disabled to e s t ab l.f sh the air system size. A second run loIith
the same strategies enabled, but using the airflolol and equipment sizes from the pre­
vious run, should result in a satisfactory model.

'" '" '" * *

Is it possible to model an ice-storage system~

The documentation doesn't lIlake it clear that the va t e r storage modelled in PDL's
ENERGY-S';ORAGE is allolays fully stratified. (Only the storage tank in the Solar
Simulator is fully mixed.) The tank size reflects the initial Btu holding capacity
lolhich can include the Btuso for a phase change. if that is Io'hat you. van t to model.
An ice-storage system is characteristically a fully str.tified charge up until all
the ice is melted. One should also attend to the Lcve r ed temperature level of t he
evaporator by inputting a higher EllCTRIC-ISPl:T-RATIO consistent vith the added work
the compressor must do beyond that of a conventional chilled va t e r system. And in
the air system, select a !'IISI!'IUM-SlJPPLY-r consistent vt t h the lowered temperature of
the supply air that may result from the circu.lat1ng chilled ice-water.

DOCL1aNTATION UPDATE

The follolo'1ng correction llhoula be made in the Reference ~nual, elated, revised ~y 1981.

• In the \o'eather
ve a t he t- tape.
s t e t ion nUlllber
c o Iuen s should
number must be
c cae-ncebe r •

Data sec eron , page VIII.37, there i, an error in the r n s r ruc r rcas for packing a
l'nde r the de ae r rpr r on for colUlllns 7-12 of Card 3, it s t a t ea that the weather
for 1440, 1440-3, and CTZ type weather tapes are not r equf r ed , and that those
be filleel With -999. That 15 unt rue : for 1440 and 1440-3, the weather station
input all it is for rRY, DIY, and OIi'!C type tapes. For crz, enter the zone

-7-




